(a) AFM image of cracked layer of gallium oxide and corresponding profile (b). As the liquid gallium/gallium oxide is printed, a scattered oxide layer appears with a strong adherence on the substrate. This cracked thin film of flat gallium oxide nano-flakes allows for the easy removal of the liquid metal by scraping with a slab of PDMS. This process is implementable even as the liquid metal is printed fresh because of the rapid formation of the oxide layer. (c) AFM image of 2D GaS film and statistical distribution of the measured pixel heights (d) of the substrate and film within the areas in the blue and red squares, respectively. Scale bar in (c) is 5 µm. The statistical distribution the 2D GaS shows that the film is highly continuous and the height distribution of the substrate (blue) and the film (red) are similar for values below than the mean height. However, above the mean, the distribution is extended further to the higher values for the substrate measurement leading to the skewed appearance. This is due to the hydrophobic nature of the substrate which leads to the deposition of some particles on its surface. In comparison, the surface of 2D GaS is much cleaner than the substrate, indicating controlled film growth. The standard deviation for the 2D GaS film is 0.137 nm which is associated with a continuous deposited films and the absence of nano or sub-micron size cracks as well as the absence of regions of overlapping growth that could occur at domain boundaries. Furthermore, there is no contribution from the substrate level (0 nm) in the red pattern attesting the absence of cracks and holes even further.
Supplementary Figure 3:
(a-c) XPS study of GaS film displaying (a) survey spectrum, (b) Cl 2p and (c) O 1s regions of the spectrum. The O 1s range of the XPS spectrum demonstrates a significant contribution from SiO 2 (532.65 eV) while there are other minor contributions from other oxides including gallium-oxides 1 . The Cl 2p range of the XPS spectra also depicts some residual Cl. The intensity of this peak however (~1000 CPS above baseline) is almost negligible when compared to that of Ga or S peaks. (d-f) EDX of printed 2D GaO x film (d), the film after treatment with HCl (e) and after sulphurisation (f). 
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